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(57) Abstract: A method of amplifying ATP, comprising causing a, not containing ADP, polyphosphoric acid kinase/adenylate 
O kinase fused protein (PKK-ADK) to act on a mixture containing ATP, AMP and polyphosphoric acid compound to thereby cany 
i-H out amplification and detection of an extremely small amount of exogenous ATP. There are further provided an ultrasensitive ATP 
^ amplification method capable of amplification and detection of ATP on the level of each cell and an ultrasensitive microbial assay 
l£l method based on the ATP amplification method. 

f5 (57)Sft:^0ATP(O««^l*, ATP. AMPfc^^-j 'j ^Wiit^^mr ^^f\Z A D P £ 
^Ll^Vj^^ (PKK-ADK) ZttmZVZZtlZ&-i 

O t ; ^Htta)ffi»*o)ATP£i8«s, &mrz> 0 *«wn**fc. amsifflou^KDATP^itHL. «a-e#s 
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m m m 

5 &ffiftW 

S:^tt/c^?fe"CfeD (DeLuca, M. and W. D. McElroy. Htinetics of the f 
irefly lucif erase catalyzed reactionsj Biochemistry 2 6# x 9 2 1 

20 -9 2 51 (1 9 7 4<¥) &M) , SBflSfcW&^ttfc*-*' V is ft ttl 

V N 'btt'CV N ^) (Bautista, D. A. TAdenosine triphosphate biolumines 

cence as a method to determine microbial levels in scald and chill t 
anks at a poultry abattoir J Poult. Sci. 73^. 1673 — 1678 
M (1 9 9 4¥) ) „ *5fitftt/<>f*^cifc*H _ *«SiSi»i:U"C* 

25 ATP7yfe^^^$ii"C^5 (Spencer, R. C. and N. F. Lightfoot 

TPreparedness and response to bioterrorismj J. Infect. 4 3^ % 1 
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04-1 1 01 (200 1¥) ) o 

Lj6>U «*CATP«)7y^ iSfctCtt&ttlfiRI?- (#l?Lk£. D10 4 « 
| 3D ^ltt (cfu) /7-7t^) r©igtli, liW 

3^t°^. — * — ^3:^. v'a >"C«U 7f-^b*t-^ (AD K) 
*3j;tf fcVUfc*:/®?^— £ (PVK) Srffl^S AT Pittite. flMB&<M& 

£#^l^£*l,-CV^ (Chittock, R. S. iKinetic aspects of ATP arapl 
ification reactions! Anal. Biochem 2 5 51, 1 20-1 2 61 (1 

9 9 8) ) „ ua>u ^(Djjms., mmizftfrtix\<^\ 

^(i©AT P £T yir-Y-rSfcfetC. AT P ^mm^^^^M^ ft 
TV>6 (#H2 001-29939 0 #4^6) 0 r<£>4#HI 2 0 0 1 -2 9 9 
3 9 0^-^{^$tL6^^Hll-e^-r^)c miKl^T, ADKI17 
7*^.U— h*c-}-—' & (adenylate kinase) , p o 1 y'PW!) ]) (poly 
phosphate) , P P ]} V ^^^r^— t? (polyphospate kinase) 

■tz> 0 ar, ^jffl#^*3VN-ct>\ -<Dm j %r*&m'rz>tzfr$>z>o 01 a 

{4, ATP^#ftTT*li, AMP^H^i^ltAT 
PdS£j&L&i^r ££;^L-CV^ 0 mi btc^i-J; ATP«f5 

ADKCict, AT.Pd^AMP'MDyyfSfefS^S-^ 2 
^©ADPM^tS (IlM. ^^lSJ^-e^Cfc2^0AD 
Ptt, PPKOf^ffltCj; tfi; !) ^^bU >^g£rgttl&9, 2^<D 
ATP^tS (I&2S/&) o ,r^2.S^X'^Cfc2^<DATP«, W 

miRfc^mmzti. 4^©adp^u ^©4TOADPii 

PPKIuiot4^©ATP«^n5, 

9 {c, #§S? 2001-29939 0#^#T*«> jg^JWAMP £ 

yyviM^x, ADKipPKo«i*tMti, adp4^ 
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ATP©«St$)5. 
5 :©#H2 0 01-29939 0 te x $£3*5© WOJ' «fc 0 

I*, Ha&W^ttjB^fe'!CV^ATP*#«ET-C<OATPOii«36S x {g^U^/W 
10 JWii&ifB0>i<''</i'<E>ATP&*iMiU ftUJL#5*t©ai£Sr*^!:S 

#3§0Jte, ATP, AMPisi^y y ^MMk'&lfc ^ - 

^sswrau atp, AMP^i^y y ismik&vo&tt-? ^js-a- 
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ATPi8*i^{-^Pb-CATP^ti*gi-?)XfS ; *5J;t^ ^iHLTclATP 
^ait^It; £&-aU ^ATPi#i|>B^a 5 AMP, y y fWtik&W, 

amp, ^yuyiM, tJi^ADPrn^^y y y^t-€i 

ATPMt5ATP»imn i f?' h^^-r^o 

So 

*mwn.. zhKs atp, amp, Soit^^y y ^m^m<Dm^m\^ 
^_ h ^-^_- ^ > ^it^ADP^^^v^y y ^m*-r—e*ftm 
£-fr-CAT p ^it^s^sriiw-f s 0 

HI ! fct, ADK*5 J:t/P PK&fflV\5ATPiiffi«fll&^«5£|g-Cfc5. 
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m 2 ti. P P K - AD K*3 £ Tf7 — *DsS LfcPPK-ADK^ 
5 A T P mM<DB%:&?F-f~^Vtb 5o 
®3tt, J|3g»S<^ATPSr^-r5^>'^ , /WcoV>-C, ATPHMBRfSS: 

(£AT> PP-K-ADKiV^5wi#*>6)-tt, PPKf&t4*3«t 
U'ADKStt^tt'Cv^ll tt^J^teWzilWISttfcv*. NtSlCPP 

PPK^n- K-T SJfit-g^P P k*Jj:T/ADK*:=» — h'-T^aHs^a d k 
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6 

(2) (0na.fi* ^ys^) sa^j, *sj:w<— 9— 

a d k3t-g^-SrW»"*"Sfc«>©aa^J'5c^ , 9>l' ^— t Lttt, p p klfi^ 
&,T<D^7>( LV> : (1) a d k3te^»5* *«<D_h 

±tf (2) C***^ (0H;U^ fc*^5^) isyusrwu *oc*s^ 

15 ' ^H^^fe^DNASrfS^i U ±|B7 P V-r^-5rfflV>-CPCR=Sr^fV\ 
#f)nfcDNA»r^S:s ^rtL^tb, IPM$^lt> p p kJte^Sr&t* 
Bfrtf, *sJ:t5a dkaeiFt'SrtfW^Sriatti-*, ftbthtcZth^tKDmfc 

20 ;6^#ib*t3o . 

#b;Jxfc-<^*-£jg*i9&ft3E (tflx-fi. *B§®) i^lAL, l&lfc*.^ 

/S-Y h7y7'^L'-h^7A (Hitrap chelating column) £r.fflV N 5w£:K: 

25 HHfc£*b5 0 



WO 2005/010208 



PCT/JP2004/011186 



893£1~5*S\ ^ffi^'ifeS-t^Mtfc. r©IHiLt> ADPflsp 

SADPfi, #y y VSHk^ftO#ftT, PPKWSft^m wCDAD 
5 PtfSPPKKJ; «9 ATPfclgg&£;M»5o -f IE] 1 l£7Fi~«t 5 t£fxJ& 

mzm^X, ATP^fCibott), *fl2SJSt^5ADP^?)A 
TP^©TOS4Cs ^OATP^i^T-tffi^iiSrirlci^ §15 
W^ATP.iBffiSJE&i s 0B/tft-r5i:%^e>tt5. o ftoT, W«ATP^ 
SraU^-r-5fe«>^«:, P PK(^LfcADP^ffc^fCjo< r <b 
10 ^T*fc6o 

PPKI^UTV^^-efc5ADP©^fi, 011*. tf, T^7-f 
Attain £ 0ff^S o 7^7- £fi, ATP*fcttADP/5^yyS?M^ 

T«fT5wi:jWJ*U*\ ifoy^J;»), P PK-ADKlc^UfcAD 
15 P<DWm&i&&Zti» ADP*STtT9— eiCtST^y^SrStt-*^**. 

7t'7-ffeltfcPPK-ADKIl ffTJ*, A-f f>77^W-h*7^ 
£ffl^T, HHRSttSo UliRSttfcPPK-ADKtt, 7k'7- t?*0.SKl<fc 
ott> PPKffittJSit^ADKffitt) 

20 (P PK-ADKSrfflV^5ATPO.««) 

^JSW^PPK-ADKSrfflU^ATPOJ^MBW:, ATP, iWIWAMP, 

#±twfi*«a>#y y «^ppK-ADKM^t5:iiaoT 

tT^^^o 1"fc:fc>*>* AMP, 7^y y ^-(k^*3J:t5PPK-ADP^ 
H^l:ATP4:ttt5ri:lu<t^ fcSV^ft, ATP, AMP, ts£tf 

25 ^y y >mk&yo<vt&& ! Votzp PK-ADK&mfiv-f&z.ticx'o , 
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ATP(Dmmn, mwteUffi&$>ru mm^m.k mx-i*. 3o~4 

5 &*5 X tfy y zsmt&tot ttii, #y y ^mfc^f^oEws^bax 
5„ ^*u<«, 10-1 ooor $f*u<«i o~i oofi(D!iy^ 

&-et>£<. <k¥&j$.-emt>ntch(nx*h£\<\ fesv^a* #yy 

10 (ATP©ftW) 

a*. ttmfMisasfcvvi — fl£KJ^ ^7*9— t?tATPi:oa&fcJ:5* 
15 (»^<D#^E*iB3i^tfeai-r Strife) 

ro^Sti, -T-<-C<D^<75/NB|}aiCH±ATP^*ix5witC*S LT, 
»4ft^t!Wa» UTP £^i?fsm&f3©i U _bfBAT P iS*I^j£^ffl V > 
T, ATP^ISU •tftW-r5^jfet?*>S. ADPi^I^ofcPPK 

25 ^*5> ttdfcfcfctt* ADPfc^W, ADP^I^ofcPPK- 

ADK^V>5§^ ^B^OlfH^^ADP^PxSi:, ADP^ATP 
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<Dffi#mq> iz. atp^adp \z.$m s fix i> , (omm l ^ 
5 ^Ej-r^o 

LT, ATP£^m£-fr, -^bTlfew^Sr^^-tirSiPMSSr^f 

amp, #y yyi^^<tt;ppK-ADK(oi^»L-c, 

V^T, ATP<D#^E^tli-r-5o WftffcATP^**ltV^tf, 

20 h&m&-rz> 0 -r&t^, amp, ^jiji^ *3j:tfADP«r£*fc^p 

PK-ADKmtSATP«IB««t,ATPS:ttmt5ATP«fflK 
HSr^-rS^^ h*sg^$H5o ^©^fyMcit «BJS»»ffl« 

25 ^^^Wi-S^S^SlW^O^ab, ro+y hCOATPti#S 

Kisn^asapur, ii*j*«riBk ovn-c, atp^«t% 
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AT P (D&fc&mM'tZ) r t IUoT, «^<0#«EdSffl5gfcW[R-C# 3 0 
iO^Sfctt, ADP^^S^tTo-Ctt^^fcP PK-ADKSrfflV^r t 

( A D K*5 «fc A D P ft V * P P Km V ^5 A T P if*©) 

ATP. AMP, *5J;TJW U ^mSr^tl-tS^t-. A 
DK*5j:t* ADP«r-&*ftV^PPKSr^**rATP«rJi*Bi"**S5«:' 
10 tSife-^So ADP«r&*fcV*PPKMHPtt, ±mM&?^'*? 

fflVT, Hi s - ^^t5PPK?rMt5p P kit^Sr^tfDNA 
15 ®r>t^lE]ilX-r^ 0 »e>*LfcDNA*:ifi§Jfc''<** — |^ALt|lti^7^ 

S>£r*TV\ h?^!^- h;&7-M-;WC ADP&B£*LfcP 

PK^HJJlX-r^o r£>PPK3r, Hl(d^i-^^^fflV^^i{-«t 9, ^ 
20 HttATPO^-SriiffiU .ttliltS^iltSHS. 

25 ^<b, ^ft^h/JfcALT/fllOfc. AMPtt, TS.H^SAX*5A (b 
— y—) ^ffl^TO. 2M KC1*3J;^1%EDTA (pHIO) 
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.y i^ift ^»3§3feTyfe>f *y H (CLSI I) »iA-> 

5 (Hi£#Jl : PPK-ADK©!!!) 

*B§® (E. co 1 i) (Dtfy V yfk*1—' tffca — Ki-SJtft? (PP 
k) (Akiyama, M. £u (The polyphosphate kinase gene of Escherichia 
coli. Isolation and sequence of the ppk gene and membrane location o 
f the proteinj J. Biol. Chem. 267 2 2 5 5 6-2 2 5 6 11 
L0 (1 9 9 2^p) #J$) ^5l#-r5fcfe<D-7°7-r^— (i> WTOii9"C*>S = 

GGATCTAGATGAATAAAACGGAGTAAAAGT (IB?"J#-5§- 1 ) > *5«fctJ* 
GGAGGATCCGCCGCCGCCGCCTTCAGGTTGTTCGAGTGATTT (BB?!I## 2 ) „ 

i ppk 5 ' ^m^mmmmx b a i 

a mH I «!B?iJ^^A-r^fcfeWlE^JSr*U-CV^o 

«i»rf^/m^t- eaters:*- K-rsaie^ (adk) 

— ^ (Brune, M. ) ?>„ ICloning and sequencing of the adenylate kinas 
e gene (adk) of Escherichia coli J Nucleic Acids Res. 1 3^ 7 13 
20 9 - 7 1 5 11 (1 9 8 5¥) ) 7^ tt, J^T^il 

GGAGGATCCATGCGTATCATTCTGCTTGGC (IB?U#-^3) *S£tf 
GGAMGCTTGCCGAGGATTTTTTCCAG (SH^lJ#-^4) 0 

Efll#-l§-3 0>:7"9>f^ — tta dkit^<D5' jfc*Mt£lHIRIf*B amH 
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5 £Jfc#Ufc„ ^ib^fcp p kitfe^-^tfDNA^^. PGEMW^ 
— (^c^^fXc^AU, pGEMTppkr#fc„ mhthtca d kiH5^£ 
^■tfDNAKffJt^^ pGEMT^^-(/n^j/)(C|AU pGEMTa 
d k £#fc„ 

pGEMTp pk£Xba I-B amH I<&ILX#Wc2. 1 k b© 
10 ®Ut\ fe^pGEMT a d k£B a mH I -H i n d III&S L""C»e>*U 
fcO. 6kb|fitS:, pEWi'- Uh?^-^OXbaI-Hi 
n dllim^l-iS^^-fr^-^f-cto-C, ^9*5 FpETppkadk 
^^UfCo ^©^7^5 Kit PPKaDKHUo©^y^y^L 
Tfc^£*L, C^JSSliHi s ^ i 5 ^S^^ f ^ - Kt 

15 SAfc^Sr^TL'-Cv^o 

r^^U'pETppkadk^HI (E. coli BL2 1) 

tc>»Au mbtitcmwm&tt-*2mmi%m^. ov^, 1 mM© i p t g 

0. 5M NaCl^Mt520mMl)yii«i (pH7) ta^lLfc 
20 mifc&B-PERmWi (t°T-^)^ffi^X^L, o^T'lmM PMS 
F#3ET, DN a se^il/RNa s eX^Sbfdo il'fr#8tt-«fc 9 -tfif& 

o. 2 ^mcD7^/v^— ^fflv^-Citi^U, W hyy^u- 

(Hi trap chelating column) (Amersham Bioscience) til Kb 
fc„ *7A^0. 1M fny^m, 2 0mM ]) >^ 0. 5M NaC 
25 1 » 5 0 mM *5 .fc-tf 2 0%^ U -fe A- (pH7. 4) £ 

/Bl^Tife#Lfc 0 PPK-ADKli!^W^fli, 0. 1M t'o >J ^g£, 
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2 0mM V^m, 0. 5M NaCl, 0. 5M 4 5 /^*3 2 

0%?V±v— /V (pH7. 4) -C^ttlUfc„ 

#knfcPPK-ADKS*-a* W^fChJ:, AD K (43U/mg) *J«t 
tfPPK (38U/mg) ©SttSrftt^^ AMP^D U 
TP=Sr^bfc 0 fc*5 % l^^h©PPKIt 3 7 < CT% ADP*3i^ 
VV^Wtfrhl. O/imol/^ATP^TO. l'asyKOADK 
(i % 3 7fC, ADP^fcl. 0/zmol/^©ATP^t5. 

0. 1 6 fi giDPPK-ADK, 10/zM AMP, 400mM #V V 
8mM Mg C 1 2 *5j;tF6 OmM Tris-HCl (pH7. 

4) £r&trt&a-ift5 o m i &w®u 5 m i (DKfcmmzy-^yv ^Lt, 

4 0m 10ATP4W75't'fHI (p^) iiS-a-bv E*?t-x 

@2©PPK-ADKI^tJ:5^ :»ATPm/il<«t, A 
TP<Z>*B*ga*jBrtK 3t3tea s *l9l£*bfc. ^OJ®HSrttWUfcir^x AD 
Pi55PPKI^Ltl39, I©ADP^PPKiCflJffl$tl-C, StfOfclS 1 
fc^-TIB 2 KJS3*jB lotAT P ^« U r. <£> A T P d^ipl £ tbfcRflBtt 

(HWJ2 : PPK-ADKl^LfcADP^*) 
mMWl ^tt#UfcPPK-ADKfc*&^UTV^*f€#tf>ADP*:lifc< 
7ci6t'> 6 OmM Tris-HCl (pH8) *5<fctf8mM MgCl 2 , 
*5j;tfl0mM 7}fyy^W#^T, 1 8 0m g©PPK-ADKi:7f 
(apyrase) (200U) t * 1 iWSJ&£-#fc„ R^Tf, 
Mh7 5/^^-h*7^^V^ ADP«^fcPPK- 
ADK^talilXbfCo J£TF, i(OPPK-ADK^ T *&8IUfc P P 
K-ADK^^o l^KD7t 5 7-m ATPtfdlADP 

j^ib> 3 Ott', 1 mhio 1 <DV ^m*i&M~FZ>o 
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0. 16)ig<DTt'7-^ltfcPPK-ADK, 10^M AMP, 
400/jM tKU yygf, 8mM M g C 1 2 *5 it* 6 0 mM Tris- 
HC1 (pH7. 4) 0 u 1 &MiU 5 /x 1 £>S/&^£ 

-^^^y^^b-c, 4 o M i (DATPttvo&ytTv-t'ftzm (d^) £21 

5 ■^/I'f^l'-hraiSfl- (T>W#, ?7^) SriE^T. & 

10 7f7-fW, P PK - ADK©ADKffi|4*5j;t;P PKffittC 

t^ot, 7f7-^ltfc (ADK^^V^) PPK-ADKIt 

15 Hat P©7 

-AD K WPi^«*3 .fctflin^i^ibO^W^U «fe#M«*5 J: Z^M^ 
PK-ADO^ADP^li^WfoO, ADPWi^i'JM 

20 .Wt-ff 9 - ttf-eZZo 

(mmm 3 : mM^±^ytr y-t-r ) 

0. 1 6/i g©7f7-^ItfcPPK-ADK, 10mM AMP, 
400mM xKyy^, 8mM MgCl^mOmM Tris- 
HC1 (pH7. 4) £^fr2g-a-$c4 8 m 1 OV^, 2 m 1 ©A 

25 TP^>^/l^r<^^^JtJDU ATPSrltmbfCo 5 n 1 

^^BtW^-y-^^y y^Lt, 40/1.1 ©AT P4^l§7t7 
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ATPoymm&fffr-f (ppK-ADK^wt) &yt&m 

5 1 t^-To 



^1 



15 



ATP(fmol) 


®#(riu) 


ATP±t$g 


*K 


* 


330 


813 ± 22 


28,180 ± 1606 


33 


113 ± 14 


18,793 ± 241 | 


3.3 


50 ± 6 


8,767 ± 443 


0.33 


52 ± 9 


4,455 ± 36 . | 


0.033 


53 ± 12 


2,734 ± 233 I 


0.0033 


62 ± 12 


1,553 ± 102 


0 


51 ± 2 


229 ± 26 



m 3 ic^i" J; 5 Tf7-WSLfcPPK-ADKit ^Btt©AT 

vN^i^^ofco gi3*5<t^i ^-r«t ATP©W 

^B^&5-££^l>-"CV N 5° 0. 003 37iAF*;V ( f m 

0 1 : 1 0" 15 mo 1 = 3. 3 7^^ : 10' 18 mo 1 ) SS©ATP& 

25 *"Cx ATP$r*t "H-C^- t t^^tltc 0 t7 (a mo 

1 : 10-» 8 mol) SS^ATP^WPr^^^ofc :W^UT, 
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%:<D£Mft%\^ »+7xA h^/V (f mo 1 : 1 0- 15 mo 1 ) ©ATP 

at p m*&&&m^ z it. ±wmt<Dm&&^ ^<thio, o 
±mM<D^mm (2xio 9 cFu/mi) Hfc&m^xmwtefeg. 

fc:#JRL;fc. (5 0 0 m 1 ) $r&ft&ffi&5 OO/i 1 (^«B?83t 

Tyt^fdf-s'K nv'a) man*.-c, loot:, 2»0iLT, jwna^fe 

10 ^3fc3r$J£Lfc 0 

ATP*!^^*^ (P PK-ADK^^P-Srf) . ^:<7)££, 

¥-mu±Mmmm:*mir 0 nkyt<Dm#f&)m\i*m4\z, 6 o^oATPit 

m2 



20 



(CFU) 


3J#(rlu) 


ATPii*! 




^ I 


100,000 


1.126 ± 255 


39,722 ± 1,596 


10,000 


296 ± 34 
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SEQUENCE LISTING 
<110> Japan Science and Technology Agency 

<120> Improved method for amplification of ATP and use thereof 
<L30> P2-04K16119 
<160> 4 

<170> Patentln version 3. 1 

<210> 1 

<211> 30 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> ppk forward primer 

<400> 1 30 
ggatctagat gaataaaacg gagtaaaagt 

<210> 2 

<211> 42 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> ppk reverse primer 

< 400> 2 * + 42 

ggaggatccg ccgccgccgc cttcaggttg ttcgagtgat tt 

<210> 3 

<211> 30 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> adk forward primer 

<400> 3 30 
ggaggatcca tgcgtatcat tctgcttggc 

<210> 4 

<211> 27 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> adk reverse primer 

<400> 4 27 
ggaaagcttg ccgaggattt tttccag 
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